Isolated cheek teeth of the Asian dipodid Heosminthus primiveris from four early Oligocene localities in the Koritnica-Babušnica basin, south-east Serbia, are described. The record of the Paleogene Dipodidae of Central Asia and Europe is briefly discussed. The current view of the migration pattern of the Paleogene Dipodidae between central Asia and Europe is revised: the migration of Plesiosminthus into Europe during the late Oligocene was preceded by the immigration of Heosminthus into the Serbo-Macedonian high (S. E. Europe) during the early Oligocene.
The Dipodidae described in this paper are part of the late Eocene-early Oligocene small mammal assemblages found in south-east Serbia. The geological setting and composition of these faunas (consisting mainly of rodents) have been described by . Three rodent groups have been studied and papers are online and printed: the Diatomyidae , the Melissiodontinae ) and the Paracricetodontinae (van de Weerd et al. 2018) , while publications on the Pappocricetodontinae are online (de Bruijn et al. in press) and the Pseudoricetodontinae are in preparation (Marković et al. in press) . Table 1 shows the distribution of rodent species in these faunas. One new site, Raljin-B, was sampled in 2017 and in 2018; it is included in Table 1 . The site is at the same location as Raljin, but stratigraphically about 2 m higher.
The extant Dipodidae Fischer, 1817 occupy a diverse array of ecological niches and consequently shows a wide range of morphological adaptations. The fossil record of the family suggests that the family originated in Asia during the early Eocene and that the radiation that leads to the present day diversity occurred during the Oligocene. Pisano et al. (2015) reconstructed phylogenetic relationships of the family based on molecular evidence. As far as we are aware none of the extant genera can be traced to its Eocene ancestor (Lopatin 1999 (Lopatin , 2004 Lopatin and Zazhigin 2000) .
The history of the Dipodidae in Asia is very different from that in Europe, so a concise overview of the Paleogene record in these two areas is considered appropriate. Until recently, the oldest record of the Dipodidae in central and south western Europe was Plesiosminthus promyarion Schaub, 1930 , localities of the early part of the late Oligocene: Puy-de-Mondoury (France) and Rickenbach (Germany) both in MP 28/29. Hugueney and Vianey-Liaud (1980) redefined Schaub's poorly documented species on the basis of a rich sample from Pech Desse (France; MP27/28). Freudenthal and Martín-Suárez (2017) reviewed European Plesiosminthus populations and suggested to restrict the species name Plesiosminthus promyarion Schaub, 1930 , to its poor-type material and defined the species P. moniqueae on the material from the locality Pech Desse. In the same publication, these authors described the now oldest European Plesiosminthus margaritae from Mirambueno 1 (Spain; MP27 = earliest part of the late Oligocene). The Dipodidae never became diverse in Europe, remained usually rare in late Oligocene-early Miocene assemblages and went temporarily extinct during the middle Miocene. So far all the Paleogene material from Europe has been allocated to the genus Plesiosminthus. Eleven species have been formally named in south western and central Europe, but Freudenthal and Martín-Suárez (2017) did not observe clear trends in dental morphology and size to allow recognition of lineages within the European material.
In contrast to their history in Europe the Asian record of the Dipodidae goes back to the middle Eocene where the family became diverse and played a dominating role in Oligocene rodent communities (Dawson 2003; Daxner-Höck et al. 2014) .
The best character to distinguish Dipodidae from Muridae is the P4, present in the Dipodidae, absent in the Muridae.
Only the murid Pappocricetodon antiquus has retained the P4 (Wang and Dawson 1994) . The distinguishing character presence or absence of a neuro-vascular canal at the base of the infraorbital foramen (Gomes Rodrigues et al. 2011) is unfortunately rarely found in fossil material. Since some of the Paleogene species i.e. Palasiomys conulus Tong, 1997, are not represented by skull material, their family attribution remains uncertain. The Asian Paleogene Dipodidae have been allocated to about thirteen genera on the basis of, what in a number of cases seem to be, rather subtle differences.
The genera of Paleogene Eurasian Dipodidae currently recognised are as follows:
Plesiosminthus Viret, 1926 Heterosminthus Schaub, 1930 Parasminthus Bohlin, 1946 Heosminthus Wang, 1985 Allosminthus Wang, 1985 Sinosminthus Wang, 1985 Shamosminthus Huang, 1992 Features that are known to show considerable intra-specific variation in Muridae and therefore we should hesitate to use these to distinguish genera. We therefore suspect that the Asian primordial Dipodidae are over-split on the generic level. As a result, the surprising presence of isolated cheek teeth showing the pattern shared by all primordial representatives of the family in our early Oligocene assemblages presented an identification problem. Since a revision of the Asian Paleogene Dipodidae is far beyond the scope of this study, our allocation of this material to Heosminthus is not based on characters that are specific for that genus, but rather on the striking similarity of the Serbian teeth and the (pictures) of the type material of the genotype Heosminthus primiveris Wang, 1985 , from the early Oligocene (possibly late Eocene) Caijiachong Formation, Yunnan, China.
Methods
The material studiedhas beencollected bywetscreening ona setof stable sieves in the field.Concentrates have been sorted to the 0.65mm fraction under a microscope. The material described below will be housed in the Natural History Museum in Belgrade. The locality codes and abbreviations used for of the localities are as follows: 025 for Strelac-2 (STR2), 026 for Strelac-3 (STR3), 027 for Valniš (VA), 028 for Raljin (RA) and 041 for Raljin B (RA-B). A representative set of casts is kept in the comparative collection of the Department of Earth Sciences, Utrecht University. Length and width of the teeth were measured with a Leitz Ortholux microscope with mechanical stage and measuring clocks. The measurements are given in 1 mm units. The terminology used for parts of the cheek teeth follows Daxner-Höck et al. (2014) , except for the protoloph = protolophule, metaloph = metalophule, metalophid = metalophulid and hypolophid = hypolophulid. Capital letters are used for upper teeth, lower case for lower teeth. All figured specimens are shown as from the leftside,iftheoriginalisfromtheright side the character on the plates has been underlined.
Systematic palaeontology
Heosminthus Wang, 1985 Type species: Heosminthus primiveris Wang, 1985 Locality: Caijiachong Formation, Yunnan, China Type level: Early Oligocene (Wang 1985) but possibly late Eocene (see Li et al. 2016a, b) Included species Heosminthus borrae is characterised by molars with high lophs/lophids and narrow deep valleys in between; H. chimidae is characterised by relatively low lophs/lophids relative to cusps and wide valleys. Another small dipodid species from the Oligocene of the Valley of Lakes that is close to H. chimidae in morphology was included by Daxner-Höck et al. (2014) in Bohlinosminthus parvulus. The size of Heosminthus primiveris, H. nomogenesis and B. parvulus is more or less the same, H. chimidae is distinctly larger but partly overlapping.
We have neither seen the Chinese, nor the Mongolian material; but judging by the figures and the descriptions in Wang (1985) , Daxner-Höck et al. (2014) and Li et al. (2016a Li et al. ( , 2016b the dental characteristics of Heosminthus primiveris, H. nomogenesis and B. parvulus overlap and may, if more material of these species will become available, appear to be indistinguishable. 
Heosminthus primiveris

Description
The upper incisor is not known, but, since there is not a single incisor fragment in the collection that shows a anterior arm of the protocone. The short transverse posterior protolophule inserts on the protocone or slightly behind that cusp. One specimen from Valniš has an anterior protolophule as well as a posterior protolophule (Fig. 1g) , in all other M1 there is the posterior protolophule only. The mesoloph is of medium length in five out of the seven specimens from Valniš, and in two of the six specimens in Raljin-B, but in all five M1 from Strelac 3 the mesoloph reaches the labial edge of the occlusal surface. The metalophule is transverse and inserts on the hypocone. The posteroloph is long. A small mesostyl is present many specimens and many have a weak posterior spur of the paracone. The sinus is directed forwards. The M1 has three roots. M2: The labial branch of the anteroloph is long, but the lingual branch is a low and short, cingulum. The single transverse protolophule and the metalophule insert on the protocone and hypocone respectively. The long mesoloph is poorly developed in some Raljin-B specimens; it reaches the labial edge of the occlusal surface in others. The long posteroloph reaches the base of the metacone. The sinus is directed forwards. The M2 has three roots. M3: The dental pattern of the very small M3 is remarkably complete in most specimens, but strongly reduced in the two specimens from Raljin-B. The anteroloph tends to fuse with the transverse anterior protolophule. The long mesoloph, the metalophule and the posteroloph are all preserved. The two M3 from Strelac-3 have a neo-entoloph (with arrow in Fig.  1c ), but the sinus still separates the protocone from the hypocone. The dental pattern of the only M3 from Valniš is more irregular, because the lingual parts of the mesoloph and metalophule are fused. The two Raljin-B specimens have a well-developed anteroloph, protocone and paracone. Hypocone and metacone cannot be distinguished in the posteroloph surrounding the central basin. Within this basin low and short remnants of lophs are barely visible. m1: The anteroconid of the m1 is situated close to the protoconid and metaconid. In some specimens, it is a tiny round cusp, but in others it is developed as a low transverse cingulum. The protoconid, metalophulid and the metaconid form a v-shaped ridge. The long mesolophid is oblique and directed antero-lingually. The hypolophulid inserts on the hypoconid in one of the two specimens from Strelac-3, in all the others it inserts on the oblique ectolophid in front of the hypoconid. The posterolophid is long. A weak hypoconulid is just behind the hypoconid, the associated posterior sulcus is well developed in some m1, but shallow or almost absent in others. The m1 has two roots. m2: The lingual branch of the low anterolophid is longer than the labial branch. The short transverse metalophulid 1 and hypolophulid insert in front of the protoconid and hypoconid. The lengths of the posterior arm of the protoconid and the mesolophid show much individual variation: among the five m2 from Valniš four have a metalophulid 2 that is formed by the posterior arm of the protoconid, while their mesolophid is long (Fig. 2b) . One of the four complete specimens from Raljin-B shows the same. In the fifth Valniš m2 the posterior arm of the protoconid is short and ends free in the mesosinusid, while the mesolophid is long. Among the six m2 from Strelac-3 one has the posterior arm of the protoconid extended by the lingual part of the mesolophid, in another the posterior arm of the protoconid is long while there are only irregular remnants of the mesolophid preserved, in two other m2 the long posterior arm of the protoconid reaches the lingual edge of the occlusal surface, while the mesolophid is short. The fifth m2 is aberrant, because its ectolophid is not connected to the protoconid as it is in all other (Fig. 2k ). In this specimen, the posterior arm of the protoconid and the mesolophid are both long. The posterolophid of all m2 is long and reaches the base of the entoconid. m3: The lingual and labial branches of the anterolophid are about equally long in the m3. The short metalophulid 1 and the hypolophulid insert in front of the protoconid and hypoconid. The posterior arm of the protoconid is long and may reach the lingual edge of the occlusal surface. In one specimen from Valniš this ridge forms a metalophulid 2. The mesolophid is short or absent. The entoconid is incorporated into the posterolophid in most specimens. The posterior spur of the metaconid and the posterolophid form an entolophid which may be interrupted by a notch in front of the entoconid.
Discussion and conclusions
The Heosminthus primiveris specimens from Valniš and Strelac-3 show minor differences in morphology. The mesoloph of the M1 is on average longer in the specimens from Strelac-3 while the anteroloph is weaker. The number of M2 and M3 is too small to establish whether or not the differences in morphology are consistent. The anteroconid of the two m1 from Strelac-3 is a small round cusp, while it is a low ridge in five out of the seven m1 from Valniš. The posterior arm of the protoconid is strong and the mesolophid may be absent in the m2 from either locality.
Heosminthus is a common constituent of the late Eocene (see Li et al. 2016a Li et al. , 2016b and Early Oligocene rodent assemblages of China and Mongolia (Wang 1985; Daxner-Höck et al. 2014; Li et al. 2016a Li et al. , 2016b , but was so far not known from Europe. Heosminthus was described as well from the late Eocene (?) of Süngülü (Lesser Caucasus; de Bruijn et al. 2003) , these specimens resemble H. primiveris close and could be well included in this species.
The presence of Heosminthus in Serbia once again demonstrates that the Paleogene mammal assemblages from the Serbo-Macedonian high contain a large number of genera of Asian origin (Heissig 1979; Nikolov and Heissig 1985; Marković et al. in press) . The early Oligocene immigration of Heosminthus apparently never reached central and southwestern Europe, where the first dipodid, Plesiosminthus, arrived during the late Oligocene (MP27, see Freudenthal and Martín-Suárez 2017) . In this context, it is of interest that the first record of Plesiosminthus in Serbia is from the latest Oligocene locality Paragovo (Marković, pers. comm.) . This occurrence may well document the same westward migration of Plesiosminthus that reached central and southwestern Europe.
Heosminthus is the first representative of the Asian family Dipodidae that reached the Serbo-Macedonian high (S. E. Europe) where it is so far known from the early Oligocene only. In contrast to Plesiosminthus, which represents a second late Oligocene westward migration of the family, Heosminthus seems not to have reached central and south western Europe. The presence of the species Heosminthus primiveris in the early Oligocene rodent assemblages from south east Serbia shows that the Dinarides Land (Popov et al. 2002; Rögl et al. 2004) was populated by a selection of rodent species of Asian origin during the Paleogene. This land mass was apparently large enough to allow subsequent endemic evolution of a diverse rodent fauna (de Bruijn et al. in press) .
